To cause diarrhea, enterotoxigenic Escherichia coli (ETEC) must initially colonize the small bowel. Different surface structures have been implicated in this initial attachment. Recognized attachment factors include colonization factor antigens I and II (CFA/I and CFA/II) and type I pili. Several methods of detection for each of these factors have been reported. In this study, we screened for the presence of these attachment factors among enterotoxigenic E. coli isolated from 40 patients with acute diarrhea and 40 asymptomatic control individuals and examined their ability to attach to ATCC 407 human intestinal cells in vitro. Of 40 patients with diarrhea, 16 (40%) had enterotoxigenic E. coli isolates which exhibited an attachment trait. Fourteen (35%) of these isolates demonstrated the ability to attach to ATCC 407 cells, whereas only four isolates from asymptomatic controls attached (P < 0.02). A total of 20% of the patient isolates and 7.5% of the control isolates possessed CFA/I. Only one patient isolate demonstrated CFA/II. Evidence for type I pili was found on 10% of the patient isolates and 12.5% of the control isolates. Attachment to ATCC 407 cells allowed the detection of 87.5% (14 of 16) of enterotoxigenic E. coli isolates with any type of attachment trait. Of the 14 cases demonstrating attachment ability to ATCC 407 cells, 7 did not attach in the presence of mannose. Three of these showed evidence for both CFA/I and type I pili, one showed only CFA/I, and one showed only type I pili. Two of those mannose-sensitive attaching isolates showed no other demonstrable trait. Seven patient isolates showed mannose-resistant attachment. Of these, two were classified as possessing CFA/I, and one was classified as possessing CFA/II. The four remaining isolates could not be classified into any recognized attachment factor category, suggesting that other attachment factors remain to be identified.
In the pathogenesis of enterotoxigenic Escherichia coli (ETEC) diarrhea, initial colonization of the small intestine is necessary for the organism to multiply there and produce sufficient quantities of enterotoxin to cause diarrhea (9, 11, 15, 21, 28) . The ability of certain ETEC to colonize has been ascribed to heat-labile protein surface antigens, human colonization factor antigens (CFA/I and CFA/II) (5, 6, 8, 15, 25) , porcine K88 antigen (15, 22) , and bovine K99 antigen (21, 28) . These colonization factors appear to be controlled by plasmids which can be spontaneously lost on subculture in the laboratory (9, 19, 21, 28) .
Mannose-resistant hemagglutination (MRHA) of human group A erythrocytes (6) may be a useful screening technique for the detection of human CFA/I. Isolates that have lost CFA/I through subculture in the laboratory do not exhibit MRHA. CFA/I has been detected among at least four different serogroups, including 015, 025, 063, and 078 (8) . There is now evidence that two other serogropus, 06 and 08, which are often associated with acute diarrhea in humans, possess a different CFA antigen (5) . This surface antigen (termed CFA/II) exhibits MRHA of bovine erythrocytes but not human erythrocytes.
Another type of surface structure, the common type I pili, is readily visualized by electron microscopy and has also been implicated as an important attachment factor ever since the original studies of Duguid et al. in 1955 (4) . Similar structures and their association with hemagglutinating and cell-adhering properties have been described in Shigella flexneri and several Salmonella species (2, 3) . In contrast to CFA/I and CFA/II, the common type I pili do not aggluti-nate human erythrocytes but instead display mannose-sensitive agglutination of guinea pig erythrocytes, which can be prevented by prior incubation of these E. coli organisms with mannose (2-4, 18, 23, 24) . Furthermore, Ofek et al. have demonstrated the elution of adherent E.
coli to buccal epithelial cells by D-mannose or methyl a-D-mannopyranoside (17) . Type I-piliated E. coli can also be distinguished from nonpiliated organisms by colonial morphology when grown on a nutrient agar (23, 24) . E. coli type I pili are antigenically distinct from the purified human CFA/I (20).
We have described a simple in vitro assay for attachment factors, using ATCC 407 human intestinal cells in tissue culture (1) .
The number of distinct, recognizable surface structures important for attachment of E. coli to host cells and the number of assay techniques for these factors are both increasing; this study was designed to compare the ability of an assay technique measuring the attachment of patient ETEC isolates to ATCC 407 cells with the ability of other assay techniques to detect attachment factors. We studied 80 E. coli isolates from 40 patients with diarrhea and from 40 asymptomatic control individuals from the same populations for adherence traits by the following criteria. We examined for attachment to ATCC 407 cells in the presence and absence of mannose, MRHA of human type A erythrocytes and bovine erythrocytes, agglutination with antiserum against type I pili and CFA/I, and colonial morphology on agar plates. Attempts were also made to block attachment with specific antisera, and further studies were done to explore the mechanism of attachment of E. coli to ATCC 407 cells. (Fig. 1B) . The ability of specific antisera to block adherence was studied by incubating bacteria with a 1:8 dilution of antiserum before incubating them with ATCC 407 cells. At this dilution, no visible agglutination was seen. Antiserum prepared against purified type I pili was kindly supplied by I. Salit of the Rockefeller University (23) . Anti-CFA/I antiserum was kindly provided by D. G. Evans of the University of Texas Medical School in Houston and was used at a 1:8 dilution in phosphate-buffered saline (7) . Hemagglutination. Hemagglutination studies with human type A, bovine, and guinea pig erythrocytes (Flow Laboratories, Inc., Rockville, Md.) were studied by the method previously described (6) . Varying amounts of mannose were also studied, with logio dilutions ranging from 10% to 0.00001% mannose being used as described above.
MATERIALS AND METHODS
Bacterial agglutination with antiserum. The slide antibody agglutination test was performed with either anti-type I pili or anti-CFA/I antisera as previously described (6) .
Colony morphology. Isolates were grown for 16 to 18 h on nutrient agar and segregated into colony types as previously described (23, 24 Fig.   chment 4. There is significant inhibition of attachment at mannose concentration of 0.001% or greater -Mannose-(P < 0.003); however, there is no significant sensitivea effect at 0.00001% mannose. CONCENTRATION  FIG. 4 . Attachment of each E. coli isolate to ATCC 407 cells at varied mannose concentrations (log percent). Note the inhibition of attachment at mannose concentrations of 0.001% or higher (P < 0.003), whereas there is no significant effect at 0.00001% mannose (P = 0.27).
MRHA of human type
case isolates to ATCC 407 cells after the cells were treated with 0.6 U of neuraminidase per ml was examined. There was no reduction of the attachment of any of the case isolates by neuraminidase (Fig. 5) (6); mannose-sensitive hemagglutination of guinea pig erythrocytes and colonial morphology for the common type I pili (23, 24) ; and in vitro bacterial attachment to ATCC 407 cells (1) . Recent data from human volunteer studies (8, 25) showed that ETEC strains differing in the presence or absence of the plasmid coding for CFA/I differ in their ability to cause diarrhea. Organisms that possess the CFA/I antigen consistently cause diarrhea, whereas identical strains without CFA/I do not. Results from another study showed that ETEC organisms possessing CFA/I were isolated in 86% of cases of 29 adults with diarrhea acquired in Mexico and in only 18% of the asymptomatic controls (7). However, Gross et al. (12) found that of 89 ETEC strains isolated from patients with diarrhea, only 10% showed MRHA and 7% possessed the CFA/I antigen. In another study of six ETEC strains isolated from patients with diarrhea, only one strain showed MRHA of human group A erythrocytes and agglutinated with anti-CFA/I antiserum (16) . Four other strains in that study demonstrated mannose-sensitive hemagglutination. All six ETEC strains were clearly shown to colonize and cause diarrhea in human volunteers.
Our study explored several types of attachment factors among 40 ETEC case isolates and 40 control isolates from four different geographic areas. We compared assay techniques for CFA/ I, CFA/II, and type I pili (5, 6, 23) (Table 3) . Eleven ETEC isolates with adherence traits were from northeastern or southern Brazil, three were from Fort Defiance, and two were fron Charlottesville.
Bacterial attachment to the ATCC 407 cells was studied after 3 h instead of 5 h of incubation, as reported previously (1), since attachment of a known CFA/I-positive E. coli isolate was maximal at 3 h when the morphology of the cells was carefully monitored and when they were not used after eight laboratory passages. Furthermore, recent observations in our laboratory on the attachment of known CFA/I-positive E. coli to other human and nonhuman tissue culture cells have shown species-specific attachment to human cell lines intestine 407 (ATCC 407 CCL-6), cervix (HeLa, CCL-2), and liver (Chang, CCL-13), but not to canine kidney (MDCK, CCL-34) or hamster ovary (CHO-Kl, CCL-61) cells (unpublished data). Further studies on this species specificity are in progress.
Much remains to be learned about the mechanism of ETEC attachment to the small bowel and the nature of the attachment receptor(s). From our finding that the attachment of four CFA/I-positive ETEC isolates to 
